More than 200 in situ measurements of several selected nonmethane hydrocarbons (NMHCs) were made in the remote marine atmosphere over the Atlantic between 40øS and 50øN. Ethane, the by far longest lived of the NMHCs, showed southern hemispheric mixing ratios around 280 ppt, comparable in magnitude to most other previous measurements. The mixing ratios of ethene, propene, propane, and i-and n-butane in the southern hemisphere were in the range of 10-30 ppt. For i-pentane and n-pentane the atmospheric mixing ratios in the southern hemisphere were below the detection limit of 15-20 ppt. These values are rather low compared to other published measurements in the marine atmosphere. This is due to the remoteness of the measuring locations and the very low biological activity in the surrounding ocean areas. For all alkanes the latitudinal profiles exhibit a considerable decrease from north to south. The relative hydrocarbon patterns show that the alkanes in the northern hemisphere are primarily due to long-range transport from continental or coastal areas. In general the transport times exceed several days. Consequently, the observed northern hemispheric ethene and propene mixing ratios must be, with few exceptions, primarily the result of oceanic emissions. The average difference of these compounds by a factor of 2 between the southern and the northern hemisphere can be explained by change of the phytoplankton concentration in ocean water. There is little or no indication for the existence of significant diurnal cycles for these two alkenes.
Since it is generally accepted that light NMHCs in ocean water are produced biologically, probably by phytoplankton, we can expect a considerable dependence of the atmospheric mixing ratios of short-lived NMHCs on the biological activity of the investigated regions of the ocean. In this paper we present the results of measurements of ethane, ethene, propane, propene,/-butane, n-butane, i-pentane, and n-pentane in the atmosphere over regions of the Atlantic with low primary production. The measurements were made during a cruise of the R/V Polarstern in March and April 1987 from Puerto Madryn (Argentina) to Bremerhaven (Germany).
EXPERIMENTAL PROCEDURE
The hydrocarbon measurements were made by gas chro- The hydrocarbon mixing ratios were calculated by comparing the sample against reference air of known composition. Sample and reference air were measured by exactly the same procedure. The mixing ratios of the different hydrocarbons in the reference air were in the range of a few parts per billion to a fraction of a part per billion.
The reproducibility of the measurements was about 5%, the lower limit of detection 5-20 ppt. The baseline noise of the FID was increased by the motion of the ship, probably due to the change of the flame positive relative to the collector electrode. 
RESULTS
More than 200 measurements of light NMHCs were made during this cruise of the R/V Polarstern (ANT V/5). These in situ measurements covered a latitude range from 40øS to about 50øN. Most of the samples were taken in a longitude belt between 20øW and 40øW, about 50% of all measurements exactly along 30øW longitude. In general, two or more measurements were obtained within each degree of latitude. The measured mixing ratios of ethane, propane, n-butane, n-pentane, i-pentane, ethene, and propene are plotted in Figures la-lg as a function of latitude. All 217 measurements of ethane gave mixing ratios well above the detection limit: the reproducibility of the ethane measurements is better than 5%. For propane the theoretical lower limit of detection was 5-10 ppt. However, for the given conditions, propane was not completely separated from methyl chloride. Thus small propane peaks corresponding to about 20 ppt or less could not always be evaluated quantitatively, since very slight variations in the propane/methyl chloride separation or the baseline noise and drift already considerably changed the effective detection limit. It is therefore not possible to define a general lower limit of detection for propane. We estimate that it varied between 5 and 25 ppt. For about 80% of the 217 measurements, propane could be evaluated quantitatively. All propane measurements in the northern hemisphere were significantly above the detection limits.
For ethene, propene, and n-butane, more than 90% of the measurements gave results above the detection limits (5-10 ppt). However, mixing ratios were often very low, 20 ppt or less. Accordingly, these low values have a considerable uncertainty, about 20-30%.
For/-butane, about 30% of the measurements were below the detection limit of 5-10 ppt, mostly in the southern hemisphere. The uncertainty of the/-butane measurements for mixing ratios around 25 ppt is estimated to be 20%. For higher mixing ratios the reproducibility increases and is better than 10% above 100 ppt. The detection limits for i-and n-pentane are less favorable, about 15-20 ppt. Only 25% of the values were quantifiable. All southern hemispheric mixing ratios of i-and n-pentane were below 15-20 ppt. It should be noted that around 50øN the mixing ratios for all NMHC increased tremendously and reached values of several thousand ppt for all light NMHCs. These values around 50øN often exceed the mixing ratio scales in Figure 1 .
By far the largest part of the cruise was over remote ocean areas, in general more than 1000 km away from the nearest coastline. Two-day isentropic backward trajectories showed that between 35øS and 47øN the sampled air masses had no contact with continents for 48 hours or longer [Behr and Gravenhorst, this issue]. In addition, the oceanic areas investigated during this cruise and the surrounding regions were mostly "oceanic deserts" with very low biological productivity. [cf. Fleming, 1956] The atmospheric levels of propene are quite low, on the average 9.8 _+ 5 ppt in the southern hemisphere and 19.2 _+ 6 ppt in the northern hemisphere. As can be seen from Figure 2 , these values are significantly lower than other previously published measurements. Nearly all of the other measurements were made in coastal regions with high primary productivity. The oceanic regions covered by our measurements showed little biological activity. This can readily explain the observed differences. The average interhemispheric difference in our data of a factor of 2 is at first sight surprising. This value is based on more than 80 measurements in each hemisphere, and therefore the relative error of the mean north to south ratio is only 7%, in spite of a significant scatter of the individual data points. This interhemispheric gradient might be explained by one of two factors, a faster removal rate in the southern hemisphere or stronger oceanic emissions in the northern hemisphere. A faster removal rate for propene in the southern hemisphere would require a higher OH radical concentration during the time of the cruise. There are theoretical speculations that OH might be higher in the southern hemisphere. However, there is one piece of evidence which indicates that during this ship cruise the oceanic hydrocarbon emissions might have been considerably larger in the northern hemisphere than in the southern hemisphere. Measurements of phytoplankton concentrations in ocean water during this cruise show that on the average the north/south ratio of the number For steady state conditions with the oceanic emissions balanced by photochemical removal we should therefore expect an ethene/propene ratio in the range of 2.7-6.3. Our experimentally observed ratios are at the lower end of this range but still somewhat higher than the relative emission rates. There was one significant exception in the latitude range between 5øN and 15øN. In this latitude band the average ethene mixing ratio was 88 ppt, a factor of 5 above the propene mixing ratios and also significantly above the average ethene mixing ratio of 45 ppt at higher latitudes (15øN-45øN) . This might be caused by a change in the oceanic ethene/propene emission ratio for this ocean area.
However, both Lamontagne et al. [1974] and Bonsang et al.
[1988] report rather constant ethene/propene ratios in ocean water for different ocean areas. Thus this explanation seems rather unlikely. In the latitude range between 5øN and 15øN we also observed elevated mixing ratios for several longer-lived alkanes (cf. Figure 1) . Furthermore, the visibility was considerably reduced due to increased concentrations of atmospheric aerosol particles. Measurements of trace metals indicative of mineral dust showed a significant peak in their atmospheric concentration (J. V61kening, private communication, 1989). All this clearly points toward continental influence on the sampled air masses. Although backward trajectories demonstrate that these air masses had no contact with continents for more than 2 days, they are compatible with the assumption that the air masses originated over tropical Africa. Measurements of light hydrocarbons over the west coast of Africa in June 1984 indicated that strong sources for ethene and propene exist in the coastal zone of West Africa [Rudolph, 1988] . Neither the transport times nor the original hydrocarbon composition are known with sufficient accuracy to justify quantitative estimates. Qualitatively, the time scales for transport and the average atmospheric residence times for ethene and propene are compatible with the idea that the elevated ethene mixing ratios were caused by long-range transport from the coastal regions of tropical West Africa. Thus advective transport requires more than 2 days, and propene with an average diurnal lifetime of 7 hours at low latitudes (a factor of more than 2 shorter than for ethene) would be depleted by a factor of at least several hundred. The remaining propene levels would be small compared to the observed average northern hemispheric propene mixing ratio of about 20 ppt.
The Diurnal Cycle of Ethene and Propene
Model calculations predict a systematic diurnal variation for ethene and propene [cf. Graedel, 1979] . Our data show a considerable nonsystematic variability. Therefore we divided each day into five equal periods and averaged the measurements from several days for each of the five time intervals. The averages are shown in Figure 3 
In order to apply equation (4) to our data we have to assume that local sources of alkanes, that is, oceanic emissions, do not contribute significantly to the observed alkane concentrations. Bonsang et al. [1988] published measurements of light NMHCs both in the atmosphere and in ocean water for a region of the Indian Ocean where the atmospheric hydrocarbon concentrations were dominated by the oceanic emissions. They report that the oceanic emissions of both ethene and propene always exceeded the fluxes of alkanes by a factor of roughly 5-10. The corresponding atmospheric mixing ratios of propene are larger than the alkane mixing ratios by a factor of 2 or more. If we assume a similar pattern of the oceanic NMHC emissions for the Atlantic, we can estimate the oceanic contribution to the atmospheric alkanes from the measured propene mixing ratios. From our average southern hemispheric propene mixing ratio of 10 -5 ppt we estimate an upper limit of about 5-7 ppt. This is a considerable fraction of the observed southern hemispheric alkane mixing ratios (except for ethane), and we therefore cannot apply equation (4) to these data. For the northern hemisphere the situation is more favorable. From the average propene concentration of 19 +_ 6 ppt we estimate an upper limit of about 10 ppt for the contribution of local or regional oceanic emissions to the atmospheric alkane mixing ratios. This is only 20% of the average/-butane mixing ratios, 10% for n-butane, and less than 3% for propane and ethane. This generally justifies our assumption for the measurements made north of the ITCZ.
In Figure 6 we show the propane/ethane versus the n-butane/ethane concentrations in a log-lot plot. A least squares fit gives a regression coefficient of 0.84. The slope is 1.66 _ 0.1, and the intercept is 0.15 _ 0.17. We can calculate the theoretical slope from equation (5) and published reaction rate constants [cf. Hampson and Garvin, 1978; Atkinson, 1984] . The theoretical value of 1.86 differs by only 11% from the slope of the fit to the experimental data. Considering the rather generalizing assumptions we made to derive equation (4), this difference is surprisingly small, although slightly larger than the relative statistical error of 6%. This gives some confidence that on the average the observed changes in the hydrocarbon concentration ratios as a first approximation can be described by equations (3) and (4).
In principle we can use equation ( The largest differences were observed between 15øN and 25øN. In this region the lowest mixing ratios for/-butane and n-butane north of the ITCZ were found, and they were comparable in magnitude to the southern hemispheric values. From our estimates we can calculate that local oceanic emissions may contribute up to 30-50% to the n-butane and /-butane mixing ratios of 20-50 ppt and roughly 15 ppt, respectively. Consequently, the transport times calculated from equation (8) regions of alkane emissions into the atmosphere are located over the continents or in the coastal areas of the oceans, we can estimate that south of 47øN all sampled air masses had no contact with continents for at least several days. This is supported by the calculated 2-day backward trajectories [Behr and Gravenhorst, this issue].
Our estimates are based on a simplified picture and neglect the fact that in a real atmosphere the hydrocarbon composition is determined by the mixing of air masses of different origin and age. Since the hydrocarbon concentration ratios in an air parcel change exponentially with time (cf. equation (1)) we obtain a nonlinear average which is difficult to interpret. Furthermore, at low hydrocarbon mixing ratios the impact of even very small local sources (e.g., oceanic emissions) can cause a considerable bias. For this reason we cannot use our southern hemispheric NMHC measurements or any of the alkene data to estimate the age of the air masses. Nevertheless, the estimates based on the northern hemispheric alkane measurements give consistent results and demonstrate that photochemical removal processes are clearly visible in the change of the hydrocarbon pattern observed over remote ocean areas.
CONCLUSIONS
The cruise of the R/V Polarstern in spring 1987 (ANT V/5) covered predominantly ocean areas of low biological productivity. Furthermore, the sampled air masses had, with very few exceptions, no contact with continents for more than 2 days. For the northern hemisphere this is supported by the observed systematic changes in the pattern of the measured light alkanes. As a consequence the observed NMHC mixing ratios are at the lower end of the range of published NMHC measurements in the maritime atmosphere. In particular, the atmospheric mixing ratios of ethene and propene are lower than all previously published marine data. The average north/south difference for ethene and propene of a factor of 2 corresponds to the difference in the average oceanic phytoplankton levels. This observation, and the remoteness of the investigated oceanic areas strongly support the assumption that the observed atmospheric alkene levels are due to oceanic emissions.
The change in the pattern of the saturated hydrocarbons north of the ITCZ is compatible with the idea of predominantly continental or coastal sources and photochemical removal of the different alkanes at rates proportional to their rate constants for the reaction with OH radicals. The presented estimates of the age of the air masses can only be considered as a simplified first approximation. However, the results are consistent, and further investigations in combination with more detailed trajectory studies as well as measurements of air mass composition over the potential source regions might give more insight into both atmospheric long-range transport and photochemical removal processes.
